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TESTING RADIO RECEIVERS ON THE ASSEMBLY LINE 


IIKRK iH no otlier single 
lesl that will give the lig- 
iire of merit of a radio re¬ 
ceiver inure accurately 
than the measurement of its over-all 
.Hensitivity. Because it is one of the 
fundamental characteristics of any re¬ 
ceiver, lahorator\ in forma I ion on the 
si.*nsitivily is usually well known. A 
i|uick com[»arison of tlie sensitivity of 
the sets as they progress along the 
final ins|iection line with the prede- 
termiiied laboratory standards has 
proved to he a most satisfactory iiitli- 
I’ation that their performam-e is ac¬ 
ceptable. 

It is almost always necessary to 
align the gangeil variable condensers 
in a receiver during the final testing 
ofieration and a giMal radio-fre(pienc% 
oscillator is required for this. For sn- 
(lerheterodynes. the alignment prm’ess 
must he made at frequencies both in 
the broadcast hand and at the inter¬ 
mediate frequency. Since sensitivity 
tests must also he made, the standard- 
/*^ignal generator is often used as the 
aligning oscillator. 

The General Radio 'I^PK 601-.\ 


Slandanl-Signal (rcnerator has proved 
to he a most useful instrument for these 
tests. Figure 1 on the ne.xt page shows 
them in the final pnaliiction line at the 
Kolster Radio f^>r|M»ratioirs factory in 
Newark, New Jersey. 

In order to take c'are of the peak 
production from this plant, ten test po¬ 
sitions are necessary. Fach one has its 
Type 601Standard-.Signal Oner- 
ator mounted upon a cabinet contain¬ 
ing two loud-siieakers (one is a stand-h\ 
in case of trouble) and an output me¬ 
ter. The completely assemhkMl chassis 
are received in the lest room from the 
slowly moving conveyer which has car¬ 
ried them down from the assembly de¬ 
part nients. I’he |m>w er and lou<l-speaker 
leads are plugged in and the radio-fn*- 
ipiency input from the standard-signal 
generator, working through a standard 
dummy antenna, is connected to the 
proper terminals. 

Kach standard-signal generator has 
two osL'illator coils, one for the inter¬ 
mediate frequency and one for the 
broadcast band, either of which may he 
selected by a switch on the panel. 
While working at the low frequency. 
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Fici'RR 1. Kobter Radio Corporation's inspection r<H>m where every receiver is aligned. checke<l 
for sensitivity at several broadcast frequencies, and given a listening test. A dual-range Typk 
601 -A Standard-Signal Generator is used at each of the ten test |>ositions 
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the intermediate-frequency system of 
the receiver is lined up. After this ad* 
justment the generator is switched to 
the high frequency and the general 
line-up of the receiver is made. 

The next step is to determine the 
over-all sensitivity at several points in 
the broadcast band. These test fre¬ 
quencies are indicated by lines on the 
main tuning dial. The generator is set 
step-by-step to each of these frequen¬ 
cies, the receiver tuned to them one at a 
time, and the sensitivity of the re¬ 
ceiver measured in the usual way by 
observing the audio-frequency output 
for a given signal input. 

Standard output is marked on the 
output meter in the lower cabinet and 
just above it is the meter and multi¬ 
plier of the standard-signal generator 
showing microvolts input. In this way. 


the operator has the whole storj' before 
him. At times, he records his observa¬ 
tions on the charts provided and these 
are most useful to the production su- 
|>ervisor. 

As a final check, a loud-speaker is 
turned on for a listening test. 

Although the tests were originally 
designed for broadcast-receiver meas¬ 
urements, sets intended for operation 
at the police or aircraft frequencies 
could also be quickly checked by chang¬ 
ing the coils of the standard-signal 
generators. 

Figure 2 is a view of the rear of the 
Type 601-A Standard-Signal Gener¬ 
ator with the cabinet and batteries re¬ 
moved. The tw o toroidal coils mounted 
on the subpanel are for the radio-fre¬ 
quency oscillator. They are mounted on 
pin jacks for interchangeability with 


Ficlihk 2. A view behind the puiiel of a Type 601-A Standard-Signal Generator. Either or both 
of the plug-in inductors may he replaced with others to cover special hands 
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Fiuthk 3. Srlieraalic wiring diagram for a Type 601Standard-Signal (»rnrralor 


other eoilh for different frequeney 
ranges. Selection hetween them is ae- 
eoni|)lislied hy a four-|K»iiit douhle- 
tlirow switch eontndle<l from the front 
panel. 

After some experimentulion, toroidal 
coils were seleeteil instead of solenoids 
heeause, although a little more diffi¬ 
cult to huild, they have so little exter¬ 
nal held that shielding is much .simpli¬ 
fied. 

The radio-frc(|uency amplitude is 
measured hy means of a vacuum-tidte 
voltmeter. This is a tube o|M*rating in 
the usual way hy ohserving the incre¬ 
mental change in plate current <hie to 
changing ampli t mles of ra<lio-frequency 
voltage on its grid. The dire<’t current 
is read by means of the micro-ammeter 
on the panel. All of the radio-frequency 
circuits except attenuator are located 
on the shelf and are covered by a shield. 

Fastened to tbe under side of the 
shelf is the audio-frequency modulator 


circuit, it is a standard tuncd-|dale os¬ 
cillator o|)eratiiig at 100 cycles |>er 
second with an amplitude siiffident to 
provide iiUHlulation at either 30 or 50 
per cent. Normally, the Type 601-A 
Standard-Signal Generator is siq)plie«i 
with 30% iiKMlulation. hut if desired 
(vcueral Radio can make the a<ijust- 
ments necessary for 50% nuMlulation 
before the instrument is shippcil. 

I’lic toroidal oscillator <*oil is ta|)pe4l 
and a small part of the total voltage 
a<Toss it is led off through a shielded 
coiifluctor to the attenuator. In Figure 
2 the casting in hack of the modulator 
cin'uit at the lower left ^•orner of the 
panel houses the complete attenuator 
assembly. It is divided into three sep¬ 
arate compartments between which 
the attenuation units are divided so 
that the total voltage reduction in each 
does not exceed 10 decibels. Due to 
stray admittances, it is virtually im¬ 
possible to exceed this attenuation 
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within one sliielil willioiit eneounter- 
ing serious errors. 

The whole atteniialur assenihly is in 
eontaet with the front |>anel at only 
one p<»inl—where the low-voltage out¬ 
put jark is Im'ateil. I'his helps to re- 
iluce eireiilating panel currents to a 
point where they do not alTect the 
nieasiirenients at high frecpiencies to 
any extent. I’he output voltage lead to 
the receiver under test is shielded and 
enters the attenuator through a plug 
and jack constriiction that maintains 
the continuity of the shield directly to 
the attenuator circuit. 

Two output jacks arc provided, one 
connected to the variable voltage out¬ 
put and the other to a fixed |Hiint on 
the attenuator system at a higher volt¬ 
age. The former provides outputs vari¬ 
able in discrete steps from 1 to 20,(HX) 
microvolts. The tixe<l tap is at 100,000 
microvolts. All of these ranges can he 
multiplied by a factor of 1..S by increas¬ 
ing the radio-fre4|uency oscillator am¬ 
plitude to the 4*orrect point as indit'aled 
hy the vacuiim-tuhe voltmeter. 

Keference to the schematic wiring 
<liagram shown in Figure 3 will indi¬ 
cate the arrangement of the circuit 
elements. 

\s will he noted, the modulation 
voltage is intnMiu<*ed in series with the 
plate-supply battery of the ratlio-fre- 
ipieney oscillator. With this method of 
modulation, it is necessary to provide a 
highly stable high-fre<piency oscillator, 
otherwise difficulty is em-oiintered due 


to frc4|uency iiuMlulation. I'hat is, the 
plate voltage applied to the radio-fre- 
<|uency oscillator tube, varying at an 
audio rate, may shift the carrier fre- 
4|uency hy a considerable aimnint un¬ 
less the most stable high-frctpiency os¬ 
cillator circuits are iise^l. 

The vacuum-tuhe voltmeter is con¬ 
nected across one half of the oscillator 
coil in series with a very small variable 
condenser, whi<*h is used to atijust the 
reading of the voltmeter. The attenu¬ 
ator voltage is taken across a part of 
the <’oil. 

Only one of the two radio-fre<|ucm!y 
oscillator coils is show n in the diagram 
for the sake of simplification. The 
switching between these coils is ar- 
rangeil so that the one that is not oper¬ 
ating is completely detuned hy shunt¬ 
ing a large comlens4‘r across it. Thus, 
no reai’tion can (x-ciir between it ami 
the <'oil in use. 

In onler to provide a means for 
«’hecking the voltages of the various 
batteries without a multiplicity of me¬ 
ters, the micro-ammeter is connected 
to a multi-|H)inl switch with suitable 
series resistors for making dire<*l- 
current-voltage measurements on the 
A- and 11-batteries. 

The (rcneral Radio (Company wishes 
to acknowleilge its indehteilness to 
Mr. C. Brigham and Mr. G. Elcock 
4)f the Roister Ka<li4> Clorporation for 
their kindness in supplying the photo¬ 
graphs of their plant used in this 
article.— Artiii'ii K. 'riiit:ssK> 
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LEANING MORE HEAVILY ON THE CRYSTAL 
A New Piezo-Elecfcric Oscillator Circuit 


AlN oscillator with frequency deter- 
mined soMy by a quartz crystal 
lias been the ambition of ever}^ de¬ 
signer and user of fre(]uency standards. 
Although it is still an ideal toward 
which to work, such an osi'illator is 
brought one step nearer practicability 
by a new circuit wbicb makes it un¬ 
necessary for the crystal to l>c cali¬ 
brated in the osi’illator with which it is 
to be used. The marked improvement 
in frequency stability of the new sys¬ 
tem is the principal reason for the 
exceptional |>erformance of the Gen¬ 
eral Radio frequency monitor which 
so many broadcasting stati<ms have 
installed to meet the 50 cycle-per- 
second limit laid down by tbe F'ederal 
Radio Commission. 

All who followed closely the de¬ 
velopment of crystal os<*illators during 
the past few years* will not be sbo<’ke<l 
on learning ibat tbe fre<piency dejKmds 
on other factors l»e.sides the mechanical 
pro|»erties (elasticity, mass <listribu- 
lion, etc.) of the crystal. True enough, 
the crystal inlluence predominates but 
the efTwt of tbe crystal bolder, the 
tube, and tbe auxiliary tuned circuits 
(?an never be ignored where even a 
moderate degree of accurai’y in fre- 
ipiency is ex|)ected. L)uite often these 
latter inlluence tbe frequency more 
than a big change in the tem|ierature 
of the crystal. 

Any vacuum-ttilie oscillator o(^>erates 
at that frequency for which the net cir¬ 
cuit reactance is zero. In a simple 
tuned-plate oscillator, for example, the 
resulting frequency is the resonant fre¬ 
quency of the tuned circuit modified by 


the reactance intrcnluced by the tube 
and tbe feedback system. 

A complete analysis of the mechan¬ 
ism by which tlie frequency shifts to a 
value which makes the net reactance 
zero is complicated. In brief, however, 
it arnoimts to this: Anything that 
causes a change in the reactance of any 
element associated with the oscillator 
will result in a change in o{>erating fre¬ 
quency. 

The same discussion applies directly 
to a piezo-electric oscillator with the 
im|H)rtant difference that the principal 
frequency-determining element is not 
an electrical circuit but an electro¬ 
mechanical system. The crystal has its 
own resonance characteristic and it is 
always {>ossible, in theory at least, to 
construct for any given crystal oscilla¬ 
tor an equivalent electrical circuit to 
represent it. 'Phis equivalent circuit 
w ill have many of the reactani'e charac¬ 
teristics of an ordinary tuned circuit 
and the circuit will operate at a fre¬ 
quency for which the total reactance 
of the crystal and its associated e<piip- 
iiienl is zero. And so, no matter how 
closely a crystal may be ground to de- 
sire<l frequency, the frequency that re¬ 
sults when it is o|>erated in a circuit 
will be modified by tbe reactance 
characteristics «>f that circuit. So, also, 
will the operating frequency shift if 
changing voltages, temperature, etc., 
cause the reactance of tul>es, coils, 
condensers and crystal mountings to 
change. 

* Sec General Radio Experimenter for 
February, 1930; October and November, 
1930; and December, 1931. 
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7'he obvious conclusion is, therefore, 
that for hif^h-precision frequency stand¬ 
ards, the crystal, and the oscillator 
associated uith it must he treated as a 
single unit when calibrations arc made, 
and the (General Railio (Company has 
insiste<l that this l»e done wherever an 
ac<-uracy l»eiler than 0.1% is required. 
A slightly more liberal figure couhl 
possibly he set hy building the oscilla¬ 
tors to even clos<?r manufac^turing 
limits, hut it has nol been possible to 
go very far in this <lirection without 
niiiniug into prohihitiveexpense. Trans¬ 
mitter manufacturers get around this 
hy building crystal oscillators as a 
unit and, when replacements are re- 
tpiired. shipping the customer a com¬ 
plete new assembly. 

If s«)me means could he found for 
operating the crystal at its own 
resonant frequency, the crystal could 
he Irealed as a single unit. There arc 
very few* circuits which make such 
o|)eralions [>ossihle because of the <lifTi- 
cully ill securing enough feedback for 
the tul»e to drive the crystal, and, be¬ 
sides, there is now no practical way of 
determining when the resonant fre- 
<|iieucy of an oscillating crystal has 
been reached. 

'I'lie best alternative to operating at 
the resonant frequency of the crystal 
is a circuit which will |>erniit of an 
indication to show when the crystal is 
operating at a given condition, such as 
the new (General Radio circuit which 
was described in the December, 1031, 
issue of the Experimonter. 

'Fhe new circuit allows the crystal to 
ojierate much closer to its true resonant 
freipiency than the cin'uits heretofore 
available. But what is more important, 
it is possible to always duplicate the 
original calibrating condition so long 



The (General Rarliti F><M|uency Monitor shown 
mniiiitefi on a dct*k-type relay rack. Its exce|»- 
I Hina I perforniancr is Hue to the use of the 
new crystal circruit 

as the constants of the oscillator cir¬ 
cuit are of approximately the same 
order of magnitude as those of the 
calibrating circuit. Hy adjusting the 
timing comlenser of the circuit until 
the plate current is a minimiim, the 
original calibrating condition can be 
restored. This means that the constants 
of the oscillator circuit can be allowed 
to vary over fairly wide limits (due, 
|NTbaps, to tem|)erattire and aging of 
the elements), but it can always be 
restored to normal by a readjustment 
of the tuning condenser. Greater re¬ 
liance is placed on the crystal and less 
on the circuit by the new system, which 
is as it should be. for the crystal is 
inherently more stable than coils and 
comlensers. 

The fact that the new system 
operates at a frcipiency near the 
crystal’s resonant frequency brings 
about an improvement in the temjiera- 
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lure r(»efTiricnl of the crystal. This is 
hecaiise the crystal’s reactance-fre- 
(Hiency characteristic is steeper near 
resonance, and for a given change in 
reaclance caused hy a change in teni- 
perature. the fre<piency shift recpiired 
lo restore the "zero reaclance” condi¬ 
tion is smaller than Hould ordinarily 
he re(piired. 

Phe new oscillator I’ircuit. as 
pointed out in the liecemher Expert- 
nienter^ has an overall fre<piency sta- 
hility of something like rhS parts in a 
million. Frecpiency stahility (some¬ 
times called fleviation capahility) is 
the l)est available index of the relia- 
hility of a frequency standard. It is the 
amount that the frecpieiicy will var> 
due lo changes in temperature, lulies. 
et<'., assuming that the changes all tend 
lo shift the frequency in the same 
direction. 

Frequency stahility of this high 


order can, of coiirsi'. he ol>tained only 
if the crystal is operated at a power 
level so low that internal healing 
causes no appreciable rise in its tem¬ 
perature. This comlilion is readily 
brought about in frequency-monitor 
equipment where the oscillator is in¬ 
herently one of low power. Where 
crystals are used to stabilize high 
power transmitters, it is a very great 
temptation to operate the crystal at 
high power levels thus redtK'ing the 
numher of tubes required. 'ITie wisdom 
of such design is dehalalde and is, per¬ 
haps, not to lie recommended where a 
high order of frecpiency stability is 
dcmand<‘d. Most of the economies re¬ 
sulting from high power crystal <q»era- 
lioii disappear, for instance, when it 
becomes ne<-essary lo install very elab¬ 
orate temperature-control ecpiipment 
to secure anything approa<’hing satis- 
fa«-lory frequency stahiiit\. 

— John D. Crawfohd 


WE’LL SEE YOU IN CHICAGO MAY 23-26 


LNKKAL KADK) will exhibit 
samples of all instruments de- 
veh>ped during the past year in (Chi¬ 
cago, May 23-26. The occasion is the 
sixth annual Trade Show of the l{adio 
Manufacturers’ Association held at the 
Stevens Hotel. 


Our display w ill include a numher of 
new pieces of etpiipmenl which have 
not yet lieen annoiim'cd. Among them 
w ill he a precision standard-signal gen¬ 
erator, a direcl-currenl-operated heat- 
frequency oscillator,and a new vacuuni- 
luhe bridge. 



T he GESERAL radio company mails the Experimenter^ without charf^e^ 
each month to engineers, scientists, and others interested in commun¬ 
ication-frequency measurement and control problems. Please sen€l requests 
for subscriptions and address-change notices to the 


GENERAL RADIO COMPANY 

30 State Street - Cambridge A, Massachusetts 
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